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In this work, we study the hidden-strange molecular states composed of a baryon and a vector meson in a
coupled-channel Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction. With the help of the effective Lagrangians which
coupling constants are determined by the SU(3) symmetry, the interaction is constructed and inserted into the
quasipotential Bethe-Salpeter equation to search for poles in the complex plane, which correspond to molecular
states. Two poles are found with a spin parity 3/2− near the Nρ and the ΣK∗ thresholds, which can be related
to the N(1700) and the N(2100), respectively. No pole near the Nφ threshold can be found if direct interaction
between a nucleon and φ meson is neglected according to the OZI rule. After introducing the QCD van der
Waals force between a nucleon and φmeson, a narrow state can be produced near the Nφ threshold. Inclusion of
the QCD van der Waals force changes the line shape of the invariant mass spectrum in the Nφ channel leading to
a worse agreement with the present low-precision data. Future experiments at BelleII, JLab, and other facilities
will be very helpful to clarify the existence of these possible hidden-strange molecular states.
PACS numbers: 14.20.Pt, 11.10.St, 14.20.Gk
I. INTRODUCTION
After observations of the X(3872) and the claimed Θ par-
ticle, study of the exotic hadron becomes a very hot topic in
the hadron physics community [1, 2]. With die away of the
Θ particle [3], the XYZ particle becomes the most important
candidate of the exotic hadron and great progress is made in
both experiment and theory. Relatively, the study on the ex-
otic baryon was scarce to some extent until the observation of
two candidates of hidden-charm pentaquarks, Pc(4450) and
Pc(4380), at LHCb [4]. After the LHCb observation, exotic
baryons attract more interest from the hadron physics com-
munity. Even some of five Ω∗c baryons observed recently at
LHCb were interpreted as exotic baryons [5–8].
Now that the candidates of the pentaquark were observed
in the charmed sector, possible candidates of the pentaquark
in the light sector should be reconsidered. In Refs. [9–11],
the Pc(4450) and Pc(4380) were interpreted as ΣcD¯
∗ and Σ∗cD¯
bound states, respectively. In the light sector, corresponding
hidden-strange pentaquark counterparts were investigated in
the molecular state picture in Refs. [12, 13]. The results sug-
gest that two states with a spin parity 3/2− can be produced
from the ΣK∗ and Σ∗K interactions, which correspond to the
N(2100) observed in the φ photoproduction and the N(1875),
respectively. Such hidden-strange molecular states are also
supported by analyses of experimental data of relevant photo-
productions as in Refs. [12–16] and a recent calculation in
the constituent quark model [17]. In an early work in the
chiral unitary approach, a pole with the largest coupling to
the ΣK∗ channel was also found at 1977 + i53 MeV from a
coupled-channel calculation with a possible spin parity 1/2−
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or 3/2− [18].
The N(2100) and LHCb pentaquarks were observed in Nφ
and NJ/ψ channels, respectively. In studies about these pen-
taquarks in the molecular state picture, especially about their
decays, the Nφ and NJ/ψ interactions should be involved.
However, we would like to emphasize that in most of the
theoretical works the LHCb pentaquarks are not from the
NJ/ψ direct interaction according to the well-known OZI
rule, but from a coupled-channel interaction [19–21]. As
the NJ/ψ interaction, a quark exchange between a nucleon
and a φ meson is also forbidden according to the OZI rule,
and often neglected [18]. Hence, for studies in the molecu-
lar state picture, the interaction between an ss¯/cc¯ and a nu-
cleon is often assumed to be very small, and such kind of the
hidden-strange/hidden-charmed molecular state is often ex-
cluded from consideration.
Since a φ meson can not interact with a nucleon by a quark
exchange, it is a good place to test the effect of a gluon ex-
change. In Refs. [22, 23], the QCD van der Waals force,
which reflects a multigluon exchange, has been suggested to
be strong enough to produce a bound state. Such a proposal is
supported by a study in Ref. [24], where it was found that at
low velocity the QCD van der Waals interaction is enhanced.
A lattice QCD calculation also supports the existence of such
a kind of a bound state [25]. Hence, the Nφ bound state is a
good way to study the effect of a gluon exchange, that is, the
QCD van der Waals force. Moreover, the Nφ bound state is
also a hidden-strange pentaquark. It is interesting to make a
systematic study of possible states from the coupled-channel
Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction in both experiment
and theory, which will deepen our understanding about the
hidden-strange pentaquark.
Calculations in the constituent quark model were also per-
formed to study a possible bound state composed of a nucleon
and a φ meson [26, 27]. In all those calculations, the Nφ
bound state can be produced as suggested by Gao et al. [23].
2However, in the constituent quark model, only the one-gluon
exchange between two constituent quarks is considered in the
calculation, which contribution vanishes in the Nφ case. The
multigluon exchange between two constituent quarks and the
gluon exchange with a self interaction are not considered in
these models. Hence, the attractiveness between a nucleon
and φ meson does not originate from the QCD van der Waals
force, which is from a multigluon exchange, but from the
delocalization effect in the quark delocalization color screen
model (QDCSM) [27] or the σ exchange in the chiral quark
model [26]. In the constituent quark model, the Nφ direct
interaction is attractive, but not strong enough to produce a
bound state and the couplings between Nφ channel. And other
channels, such as Σ∗K and ΣK∗ [27] or ΛK∗ [26], should be
introduced to provide enough attractiveness to produce a Nφ
bound state.
In our previous work [12], we studied the Σ∗K − ΣK∗ inter-
action, where the coupled-channel effect is very small and the
Σ∗K and ΣK∗ bound states are almost determined by corre-
sponding interactions. However, in that work, other channels,
such as Nρ, Nω and ΛK∗, were not included in the coupled-
channel calculation. It was done in Ref. [18], and a state
with a large coupling to ΣK∗ was found at about 1977 MeV,
which is consistent with our conclusion in Ref. [12]. In the
current work, we will make a coupled-channel calculation of
Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction and extend it to in-
clude the Nφ van der Waals force, which will be helpful to
understand the interaction of a nucleon and a φ meson.
This paper is organized as follows. In next section, we
present the effective Lagrangians adopted to describe the
Nρ− Nω− Nφ−ΛK∗ − ΣK∗ interaction. Corresponding cou-
pling constants are determined by the SU(3) symmetry. The
QCD van der Waals force is also transformed to a form which
can be used in our formalism. In Sec. III, the bound states are
searched for and numerical results are presented. Finally, the
paper ends with a summary and discussion.
II. FORMALISM
A. Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction
In the current work, we consider the channels with a baryon
and a vector meson. The potentials for these channels are
analogous but with different coupling constants, which can be
related with the help of the SU(3) symmetry. Here, we present
first the Lagrangians for the ΣK∗ interaction as an example.
In the current work, we will consider both pseudoscalar
(P = π and η) and vector (V = ρ, ω and φ) exchanges. To
describe the couplings of the K∗ meson with exchanged pseu-
doscalar and vector mesons, we need the Lagrangians as
LK∗K∗V = i gK
∗K∗V
2
(K∗µ†VµνK∗ν + K∗µν†VµK∗ν + K∗µ†VνK∗νµ),
LK∗K∗P = gK∗K∗Pǫµνστ∂µK∗ν∂σPK∗τ + H.c., (1)
where K∗µν = ∂µK∗ν − ∂νK∗µ. The flavor structures are
K∗†A · τK∗ for an isovector A (= π or ρ) meson, and K∗†K∗B
for an isoscalar B (= η, ω or φ) meson. The coupling con-
stants can be obtained from the ρρρ and ρωπ couplings with
the help of the SU(3) symmetry. The gρρρ is suggested equiv-
alent to gππρ = 6.2 [28, 29]. The SU(3) symmetry suggests
gK∗K∗ρ = gK∗K∗ω = gK∗K∗φ/[
√
2(2α − 1)] = gρρρ/(2α). For the
K∗K∗P vertex, we have gK∗K∗π = gK∗K∗η/[−
√
1/3(1 − 4α)] =
gωρπ/(2α), and gωπρ = 11.2 GeV
−1 [30]. Here, we adopt α = 1
for VVV and VVP vertices [31] .
The Lagrangians for the vertices of a strange Σ baryon and
an exchanged vector and peseudoscalar mesons are also re-
quired and read
LΣΣV = −gΣΣV Σ¯[γν −
κΣΣρ
2mΣ
σνρ∂ρ]V
νΣ,
LΣΣP = − fΣΣP
mπ
Σ¯γ5γµ∂
νΣ. (2)
The flavor structures are −iΣ† × Σ · A and Σ† · ΣB. The
coupling constants can be obtained with an SU(3) symmetry
as gΣΣρ = gΣΣω = 2αgNNρ and gΣΣφ = −
√
2(2α − 1)gNNρ.
The coupling constant is gNNρ = 6.1994/2 as suggested in
Ref. [30] and 3.02 in Ref. [31]. We choose a value of 3.05
here. In the Ju¨lich model, αBBV = 1.15 [31]. In the current
work, we still adopt the standard value αBBV = 1. With the
SU(3) symmetry, we have relations as κΣΣρ = κΣΣω = 1/4κρ,
κΣΣφ = −1/2κρ with κρ = 6.1. For the VVP vertex, fΣΣπ =
2α fNNπ and fΣΣη =
2√
3
(1 − α) fNNπ with αBBP = 0.4 [31] and
fNNπ = 1 [30, 31] .
With the Lagragians above, the potential can be written in
a general form,
iVV =
CV
i j
GV
q2 − m2
V
B¯i[/Ai j −
Ai j · q/q
m2
V
+
κ˜i jκρ(/Ai j/q − /q/Ai j)
2(mi + m j)
]B j,
iVP =
CP
i j
GP
q2 − m2
P
iǫµνστ(p′1 + p1)
µǫν†
i
qσǫτj B¯iγ5/qB j, (3)
where A
µ
i j
= ǫ†
i
· (q− p′
1
)ǫν
j
− ǫ†ν
i
ǫ j · (q+ p1)+ (p1 + p′1)ν ǫ†i · ǫ j,
GV ≡ gρρρgNNρ/2 and GP = gρωπ fNNπ/mπ. The i and j are
for the channel Nρ, Nω, Nφ, ΛK∗, or ΣK∗. Here the CP,V
i j
coefficient and κ˜i j are listed in Table I, which are obtained
with the SU(3) symmetry as in the ΣK∗ case.
We would like to show that the potentials obtained by the
SU(3) symmetry are comparable to the ones obtained from the
chiral Lagrangian in Refs. [18, 32] after a nonrelativization.
Such a comparison was also made in our previous work about
Zc(3900) [33] and it was found that the results in our work
are consistent with those in the chiral unitary approach [34].
After the nonrelativization, the potential kernel in the current
work can be rewritten as
iVK∗ =
CV
i j
GV
m2
V
(p0i + p
0
j)ǫ
†
i
· ǫ j. (4)
In the chiral unitary approach, the corresponding potential is
iVK∗ = −
Ci j
4 f 2
(p0i + p
0
j)ǫ
†
i
· ǫ j. (5)
3TABLE I: The coefficient Ci j and κ˜i j. The {CVi j, κ˜i j}V and {CPi j}P are for vector and pseudoscalar exchanges, respectively.
Nρ Nω Nφ K∗Λ K∗Σ
Nρ {−2, 1}ρ {−
√
3}π 0 { 32 ,− 12 }K∗ { 12 (1 + 2α)}K { 12 ,− 12 }K∗ { 12 (2α − 1)}K
Nω 0 0 {−
√
3
2
,− 1
2
}K∗ { 1
2
√
3
(1 + 2α)}K {
√
3
2
,− 1
2
}K∗ {
√
3
2
(2α − 1)}K
Nφ 0 {−
√
3
2
,− 1
2
}K∗ {− 1√
6
(1 + 2α)}K {
√
3
2
,− 1
2
}K∗ {
√
3
2
(2α − 1)}K
K∗Λ
{1,− 1
4
}ω
{−1, 1
2
}φ
{−1 + α}η {0, 0}ρ {(−1 + α)}π
K∗Σ
{−2, 1
4
}ρ
{1, 1
4
}ω
{−1,− 1
2
}φ
{−2α}π
{1 − α}η
Here p0
(i, j)
and ǫ(i, j) are the zero component of the momentum
and three-dimensional polarized vector for initial and final
mesons. The coefficient Ci j is the same as those in Ref. [18]
if different conventions adopted in the two models are consid-
ered. The coupling constant in our model corresponds to 1.3 f
in Ref. [18]. In the current work, the terms for an anoma-
lous magnetic moment are included in the BBV Lagrangian.
Though it will vanish under a nonrelativization, it is reason-
able to assume that the relevant coupling constant will be af-
fected. A similar situation can be found for the VVV vertex.
Besides, as suggested in Ref. [35], the f can deviate from the
standard value of 93 MeV, and the increase of the f can be
compensated by the increase of the cutoff. Hence, in the cur-
rent work, we still choose the coupling constant obtained with
the gρρρ, gNNρ, gρωπ, and fNNπ .
B. QCD van der Waals force
As suggested by Gao et el. [23], a φ meson interacts with
a nucleon with the QCD van der Waals force, which was
adopted as a nonrelativistic Yukawa-type attractive potential
of a form Vss¯,N = −αe−µr/r. The parameters were chosen as
α = 1.25 and µ = 0.6 GeV, which are consistent with the
values for the cc¯ charmonium adopted by Brodsky et al. [22].
We would like to remind that as suggested in Ref. [22] there
should be other spin-orbit and spin-spin hyperfine terms be-
cause the interaction is vectorlike but the parameters are de-
termined with this simple form of the potential. Here we only
keep the main part as in Refs. [22, 27], which ensures that
the discussion about the parameters in those references can be
adopted here. In the current work, we work in the momentum
space, the QCD van der Waals force above should be trans-
formed to an Yukawa-type interaction as,
iVNφ = (4π) α
q2 − µ2 2mN N¯N φ · φ, (6)
where N and φ are the spinor for a nucleon and polarized vec-
tor for a φ meson, respectively. An additional 2mN is intro-
duced due to the convention adopted in our formalism.
C. Quasipotential Bethe-Salpeter equation
With the potentials presented above, the Nρ − Nω − Nφ −
ΛK∗ −ΣK∗ interaction can be inserted into the Bethe-Salpeter
equation to find molecular states. Because of the difficulty in
solving the Bethe-Salpeter equation in Minkovsik space, as
in previous work [36–39], a spectator quasipotential approxi-
mation will be introduced by putting one of the two particles
on shell [40, 41]. In Ref. [42], the author suggested that the
heavier particle should be put on shell when a one-boson ex-
change is adopted while in Ref [12], a test of different choices
of on shell particle was made and its effect on numerical re-
sults were found small. The method was explained explicitly
in the Appendixes of Ref. [33]. In this work, we will put the
heavier particle on shell.
A bound state produced from the Nρ−Nω−Nφ−ΛK∗−ΣK∗
interaction is reflected by a pole of scattering amplitude M.
The quasipotential Bethe-Salpeter equation for a partial-wave
amplitude with a fixed spin parity JP reads [10, 33]
iMJPλ′λ(p′, p) = iVJ
P
λ′ ,λ(p
′, p) +
∑
λ′′≥0
∫
p′′2dp′′
(2π)3
· iVJPλ′λ′′ (p′, p′′)G0(p′′)iMJ
P
λ′′λ(p
′′, p). (7)
The partial-wave potential with a fixed spin parity JP is ob-
tained from the potential kernelVλ′λ in previous section as
iVJPλ′λ(p′, p) = 2π
∫
d cos θ [dJλλ′(θ)iVλ′λ(p′,p)
+ ηdJ−λλ′(θ)iVλ′−λ(p′,p)], (8)
where initial and final relative momenta are chosen as p =
(0, 0, p) and p′ = (p′ sin θ, 0, p′ cos θ) with a definition p(
′) =
|p(′)|, and dJλλ′(θ) is the Wigner d matrix. These equations can
be extended to a coupled-channel case as in Ref. [43].
A regularization should be introduced in the integral equa-
tion to make it convergent. In our previous works [38, 39], an
exponential regularization is introduced in the propagator of
a form G0(p) → G0(p)
[
e−(p
2
1
−m2
1
)2/Λ4
]2
, where k1 and m1 are
4momentum and the mass of the off shell meson, respectively.
The exponential regularization is a softer version of the cutoff
regularization in the chiral unitary approach, and the cutoff
Λ used here plays a similar role to the cutoff pmax in the chi-
ral unitary approach [18]. The interested reader is referred to
Ref. [33] for further information about the regularization. In
this work, we will consider both exponential and cutoff regu-
larizations.
Now that the regularization ensures the convergence of an
integral equation, combined with a discussion in Ref. [44], a
form factor is not essential to be introduced for the exchanged
meson, which was applied in that work and our previous work
in Ref. [11]. In the current work, we follow such a treatment.
The integral equation can be transformed to a matrix equa-
tion by discreting the momenta p, p′, and p′′ by the Gauss
quadrature with wight w(pi) as
Mik = Vik +
N∑
j=0
Vi jG jM jk, (9)
where the indices for channel, helicity and momentum are all
absorbed into an index i. The propagator is now of a form,
G j>0 =
w(p′′
j
)p′′2
j
(2π)3
G0(p
′′
j ),
G j=0 = −
ip′′o
32π2W
+
∑
j
w(p j)(2π)3
p′′2o
2W(p′′2
j
− p′′2o )
 , (10)
where the po = λ(W, M j,m j) is the on shell momentum with
λ(x, y, z) =
√
(x2 − (y + z)2)(x2 − (y − z)2)/2x and W, M j, m j
being the meson-baryon energy, and the masses of two parti-
cles in j channel. Here, we would like to note that there only
exists the on shell term (with j = 0) at energies under the
corresponding threshold.
The pole can be searched by the variation of z to satisfy
|1 − V(z)G(z)| = 0, where z = ER + iΓ/2 equals the meson-
baryon energy W at the real axis. The scattering amplitude
where the initial and final particles are on shell is
M = M00 =
∑
j
[(1 − VG)−1]0 jV j0. (11)
The above equation indicts that the scattering amplitude is
meaningless at energies under the threshold in our approach.
III. NUMERICAL RESULTS
With the above preparation, the molecular states from the
Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction can be searched in
the complex plane of z. For the Nφ interaction with the QCD
van der Waals force, no pole can be found in the case of a spin
parity 1/2−. Hence, in this work, we focus on the case of a
spin parity 3/2−, which is in an S-wave and was studied in the
constituent quark model [27].
A. States from Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction
First we consider the interaction without the QCD van der
Waals force and the results are given in Fig. 1. Here, the poles
from the interaction with both the exponential and cutoff reg-
ularizations are illustrated in Fig. 1. We choose five values of
the cutoff for tthe wo regularizations, respectively, and a pole
at five different cutoffs is presented as five points linked by a
line.
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FIG. 1: The poles from the Nρ− Nω − Nφ −ΛK∗ − ΣK∗ interaction.
The points linked by a full line (brown) and those by a dashed line
(blue) are for the pole with an exponential regularization at a cutoff
Λ from 0.9 to 1.3 GeV with a step of 0.1 GeV, and for the pole with
cutoff regularization at a cutoff pmax from 0.55 to 0.75 GeV with a
step of 0.05 GeV, respectively. The explicit explanation can be found
in the text. The vertical dashed (blue) lines are for thresholds of the
Nρ, Nω, Nφ, ΛK∗, ΣK∗ channels from left to right.
In the energy region from 1.7 to 2.20 GeV, which covers the
thresholds of the five channels considered in the current work,
two poles can be generated from the interaction. The higher
one is at an energy about 2050 MeV near the ΣK∗ threshold.
Five points for this pole are obtained at Λ = 0.9, 1.0, 1.1,
1.2, and 1.3 GeV for the exponential regularization, and at
pmax = 0.55, 0.60, 0.65, 0.70 and 0.75 GeV from right to
left , respectively. For both regularizations, with the increase
of the cutoff, the real and imaginary parts of the position of
this pole decrease and increase, respectively. It means that
the mass and width of the corresponding molecular state be-
come larger and smaller, respectively, with the increasing of
the cutoff. For the points at the same energy, the one with the
exponential regularization has a larger width than that with a
cutoff regularization.
Another pole is predicted at about 1710 MeV. Because the
Nρ channel is the lowest channel considered in our work, the
pole is a bound state at a real axis at Λ = 1.2 or 1.3 GeV with
an exponential regularization and at a pmax = 0.70 or 0.75
GeV with a cutoff regularization. With the decrease of the
cutoff, the pole runs to the Nρ threshold. After crossing the
threshold, the pole deviates from the real axis and the width
increases first then decreases with the increase of the cutoff.
Different from the higher pole, the lower pole almost runs in
the same path in the two cases with exponential and cutoff
5regularizations. Generally speaking, both regularizations give
consistent results if an appropriate cutoff is chosen. In the fol-
lowing, we only give the results with the cutoff regularization.
In Sec. II A, after nonrelativization, the main difference be-
tween the potential in the current work and that in the chiral
unitary approach adopted in Ref. [18] is different values of the
coupling constants. If we choose a coupling constant which
corresponds to a standard value of f = 93MeV as in Ref. [18],
the higher pole is found at 2024 + 32i MeV at a pmax = 0.55
GeV or at 1973 + 24i MeV at a pmax = 0.75 GeV. It is con-
sistent with the conclusion that the increase of the value of f
can be compensated by increasing the cutoff as suggested in
Ref. [35].
In Fig. 2, the explicit results about the two poles are pre-
sented. Here we take result at cutoff pmax = 0.65 GeV as
an example. Two poles can be observed obviously from the
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FIG. 2: log |1 − V(z)G(z)| with the variation of z for the Nρ − Nω −
Nφ −ΛK∗ − ΣK∗ interaction at a pmax = 0.65 GeV without the QCD
van der Waals force (upper panel), and corresponding po
∑
λλ′ |Mλλ′ |2
for Nρ (red full line), Nω (green dashed line), Nφ (blue dotted line),
ΛK∗ (cyan dash-dotted line), and ΣK∗ (brown dash-dot-dotted line)
channels with the variation of Re(z) (lower panel).
log |1−V(z)G(z)| in the complex plane of z. In the experiment,
a state is usually observed in the invariant mass spectrum.
Here we take the square of the amplitudes po
∑
λλ′ |Mλλ′ |2 as
the invariant mass spectrum withM and po being the on shell
amplitude and momentum of the corresponding channel. The
invariant mass spectra for the Nρ, Nω, Nφ, ΛK∗, ΣK∗ chan-
nels are also presented in Fig. 2. Under the threshold of a
channel, the amplitude is meaningless and can not be calcu-
lated in our model as shown in Eq. (11). It makes it difficult to
identify the strength of the couplings of a state to all channels
as in Ref. [18]. However, the invariant mass spectrum still
provides some interesting information. Corresponding to the
lower pole, an obvious resonance structure can be observed in
the Nρ channel, which reflects that the coupling of this state
to the Nρ channel is considerable. An obvious enhancement
is also found near the Nω threshold. For the higher pole, no
obvious standard resonance structure can be observed from
our results. However, the existence of a higher pole affects the
shapes of the invariant mass spectra for the Nφ, ΛK∗ channels
obviously. The effects on the Nρ and Nω channels are also
observable but relatively smaller. Though the invariant mass
spectrum for the ΣK∗ channel at the mass of the pole can not
be provided, a sharp increase near the ΣK∗ threshold suggests
that the effect of this pole is large on the ΣK∗ channel. Be-
sides, a cusp can be found at the ΛK∗ threshold in the Nφ
channel.
B. States with QCD van der Waals force
Now we turn to the case with the QCD van der Waals force
included in the Nφ channel. The QCD van der Waals force is
not well determined with the existent experimental and theo-
retical information. In Ref. [23], authors suggested a strength
of α = 1.25. In this work, we will vary the parameter α to
present the results of the QCD van der Waals force with dif-
ferent strength parameters α=0, 0.4, 0.8, 1.2, and 1.6, which
are illustrated in Fig. 3.
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FIG. 3: The poles from the Nρ−Nω−Nφ−ΛK∗−ΣK∗ interaction with
the QCD van der Waals force. The poles linked by a full line (brown)
and those by a dashed line (blue) are the results at a cutoff pmax =
0.65 GeV, and results at a cutoff pmax = 0.75 GeV, respectively. The
vertical lines are thresholds as in Fig 1.
To show the effect of different cutoffs, we provide the re-
sults at two cutoffs, pmax = 0.65 and 0.75 GeV. At first sight,
one can find that the inclusion of the QCD van der Waals force
in the Nφ channel affects the two poles shown in Fig. 1 slightly
at both cutoffs. The position of the lower pole is almost un-
changed, and the higher pole moves from the original position
a little. Though the effect on two poles produced without the
QCD van der Waals force are small, an additional pole close
to the real axis will be generated near Nφ threshold with a
strength α = 1.2. With the increasing of the strength, the pole
runs to a lower energy. The imaginary part of the position of
this pole is about 1 MeV, which means that the corresponding
resonance structure is very narrow.
6The explicit results at cutoff pmax = 0.65 GeV and α=1.2
are presented in Fig. 4 as an example. Three poles can be ob-
served obviously from the log |1 − V(z)G(z)| in the complex
plane of z. Compared with Fig. 2, the pole and the invariant
mass spectra are almost the same at the lower energy region.
At the higher energy region, a sharp peak appears in the in-
variant mass spectra in the Nρ and Nω channels. Except for
this peak, the line shape for these two channels are almost un-
changed as well as that for the ΣK∗ channel. Obvious change
can be found in the Nφ channel, where the QCD van derWaals
force is included. An obvious enhancement appears near the
Nφ threshold, which is obviously relevant to the existence of
the new pole at 1934 + 1i MeV.
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notation is as Fig. 2.
C. Comparison with experiment
Up to now, there is no direct experimental evidence for the
hidden-strange pentaquark. Recently, a search for the possible
hidden strange partner of the LHCb pentaquark was done at
Belle in the Nφ invariant mass spectrum [45]. The Belle Col-
laboration concluded that no evidence was seen for a hidden-
strangeness pentaquark. Here, we would like to make a dis-
cussion of our results compared with the Belle experiment.
Since the experimental data are not so precise, we only make a
qualitative discussion. The comparison between the invariant
mass spectrum po p
′
o
∑
λλ′ |Mλλ′ |2 with p′o = λ(Λc,m(Nφ),mπ)
and the Belle data are presented in Fig. 5.
Though no evidence for the hidden-strange pentaquark is
observed, Belle still gives the best fitted result which we
present in Fig. 5 also. It suggests a resonance at 2025 MeV
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FIG. 5: The invariant mass spectrum in Nφ channel. The theoret-
ical results of kk′
∑
λλ′ |Mλλ′ |2 are compared with the Belle experi-
ment [45]. The full (red) and dashed (blue) lines are for the results
without and with the QCD van der Waals force. The dotted (brown)
line is for the best fitted result by the Belle Collaboration.
with a width of 22 MeV [45]. If the QCD van der Waals
force is not included, a cusp is produced at the ΛK∗ thresh-
old, and the pole at 2075+i19 MeV exhibits as a shoulder at
energies about 2050 MeV. After including the QCD van der
Waals force in the Nφ channel, there is large enhancement
near the Nφ threshold (see Fig. 4). It seems that the Nφ in-
variant mass spectrum without the QCD van der Waals force
is more consistent with the best fitted line given by the Belle
collaboration [45]. In Ref. [46], the authors also found that
the peak in experiment could be from a triangular singularity,
but not from the Ps state. Considering the large uncertainty
of the data, no conclusion can be obtained from the current
experimental data and the theoretical results. However, there
exists obvious difference between the results with and without
the QCD van der Waals force included, which can be checked
by high-precision data.
IV. SUMMARY AND DISCUSSION
In this work, we study the hidden-strange pentaquarks from
a coupled Nρ−Nω−Nφ−ΛK∗ −ΣK∗ interaction. The inter-
action is described with the help of the effective Lagrangians
and coupling constants determined with the SU(3) symmetry.
The obtained potential is consistent with those in the chiral
unitary approach in Ref. [18] after nonrelativization but with
smaller couplings. The potential is inserted into the quasipo-
tential Bethe-Salpeter equation to find thte poles correspond-
ing to the hidden-strange molecular states.
Two poles can be observed in the complex plane for the
Nρ − Nω − Nφ − ΛK∗ − ΣK∗ interaction. The higher one is
under the ΣK∗ threshold, which has a large effect on the ΣK∗
invariant mass spectrum. This pole also exhibits itself as a
shoulder in the Nφ channel, where a cusp appears at the ΛK∗
7threshold. A lower pole can be found near the Nρ threshold.
The corresponding resonance structure can be seen obviously
in the Nρ channel. These two poles can be related to the poles
at 1977 + i53 MeV and 1695 MeV suggested in the chiral
unitary approach in Ref. [18]. Our result is consistent with
their conclusion that these two states have the largest coupling
to ΣK∗ and Nρ, respectively. In Ref. [18], the spin parity is not
well determined while in the current work both states are from
the interaction with a spin parity 3/2−.
We also extend our results to include the QCD van der
Waals force in the Nφ channel. The original two poles are
affected a little by the QCD van der Waals force. An addi-
tional pole near the Nφ threshold is generated after the QCD
van der Waals force is included. Both results of the pole and
the invariant mass spectrum suggest that the couplings of this
state to other channels are small, which makes the peak in the
invariant mass spectrum very narrow. The Nφ bound state was
also found very narrow in the constituent quark model [27]. It
is noteworthy that there may be also the QCD van der Waals
force in other channels if it exists in the Nφ channel. It needs
more theoretical efforts to clarify the origin and effect of such
a QCD van der Waals force.
Up to now, there is no direct evidence for a hidden-strange
pentaquark in experiment. As suggested in Refs. [12, 13, 18],
two poles produced from the Nρ−Nω−Nφ−ΛK∗−ΣK∗ inter-
action without the QCD van der Waals force can be assigned
as the N(1700)3/2− and N(2100)3/2−. The results in the cur-
rent work and in the constituent quark model [27] suggests
that the Nφ state is a narrow state, which should be easy to
observe in experiment. Besides, the Nφ invariant mass spec-
tra change obviously. So far, the inclusion of the QCD Van
der Waals force leads to a worse agreement with the present
low-precision data. Hence, the search of such a state in an ex-
periment at the facilities, such as BelleII, JLab, with improved
statistics is strongly suggested. The experimental research and
further theoretical study will be helpful to clarify this interest-
ing issue.
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